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ABSTRACl 


This  report  sunuu.irizes  the  si'coiid  four  months  pro^>res8  of  an 
investigation  of  the  etfect  of  ultra-rapid  quenchinp,  on  certain  alloys 
of  beryllium.  The  experimental  techniques  developed  durinj"  the  first 
four  months  wore  applied  with  only  minor  modifications  to  alloys  of 
the  systems  Be-0,  Be-Al.  Be-Sl,  Be-Sc,  Be-Nl,  Be-Cu,  and  Be-Zn.  No 
changes  in  phase  appear  to  have  been  induced  by  ultra-rapid  quenching 
in  most  of  the  alloys  tested,  although  a  sliift  of  lattice  parameter 
lias  been  observed  in  several.  D*.  finite  phase  changes  appear  to  have 
been  induced  in  one  Be-Cu  alloy  a-'d  in  two  Be-Nl  alloys,  but  these 
results  are  subject  to  further  continuation 
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I  INTRODUCTION 


This  proj-.ress  repivrt  c>.>vers  the  second  Tour  montiis  work  on  the 
subject  contract,  namely  the  months  of  June,  July,  Auj;u.st,  and 
September  oi  19bl 

The  >;eneral  backy.round  and  the  development  ol  the  basic  experimen¬ 
tal  t ecltn icpi*' s  which  have  been  used  were  fully  described  in  EOS  Report 
1  0 'H) --tM- 1  ,  and  ace  ord  i  m;  1  y  need  not  be  repeated  here.  With  the  excep- 
t  i^'n  v)l  sonu‘  very  minor  ilianyes.  the  apparatus  and  procedures  have 
lined  tlie  .same  as  descrit'ed  in  tlie  report  mentioned  Tiic  changes 
luive  ciHislsted  ot  urappiny.  i)u'  output  ci>il  o(  tlie  induction  heater  with 
,;l.iss  lil'ei  t.ipe,  .ind  i n.se r t  i np.  .i  ci'ramic  sleeve  between  this  output 
coil  ,ind  the  graphite  nozzle  which  it  surrouiuls  The  sleeve  acts  both 
as  a  shield  to  rel.ird  loss  oi  heat  ( rom  the  noz.zle  and  as  a  dielectric 
to  prevent  tormation  ol  an  arc  discharge  betwien  noz.z.le  and  coil;  the 
glass  tape  serves  to  pt eV' nt  arc  lormation  between  turns  ol  the  coil. 
Both  these  elianges  were  made  because  ol  the  problems  encountered  in 
melting  .ind  quenching  alloys  with  relatively  high  melting  points  (say 
above  1300  C),  Ate  toiinatlon  is  enconrag.ed  both  by  the  higb.er  voltage 
being  fed  to  the  output  coil  and  by  the  presence  of  an  atgun  atmosphere 
(which  requires  an  appreclahly  lower  field  for  breakdown  thaji,  for 
example,  aii  under  st  andard  eond  1 1  i c>ns ) .  Use  ol  the  tape  and  the 
sleeve  have  -nade  possible  satisfactory  melting  of  all  the  alloys  thus 
far  invest  igated 
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2  RKSULTS 

For  t  ho  s.iko  ol  cl.irilv  oi  prosoiu  .U  ion .  iho  rosiilts  obtainoJ  will 
ho  diboiissoJ  in  li'iins  ol  o.ich  ol  tin-  .illov  sysli-in.-i  in  vo  s  t  Inn  t  od 
(!v'i;ipo!i  it  iv'ns  will  ho  nivtii  ns  w.  in'nt  porcoiit  bo  jy  1  1  inin  prosonl,  usiiij; 
tiio  L'oi'.iiiiou  nbbro  V  i  .1 1  i  on  "w/o  11<-"  iho  systoms  will  b.  disonssod  in 
Old.  1  ol  i  ;k  ro.is  ino,  .Uiv.iio  minibor  ol  tlio  alloying  oloiiimit 

i  1  lloi'v  1  1  iui:i-t)xv);on  Sysl  om 

I.itllo  ini  onaal  ion  is  a  va  i  1  ah  1  o  willi  i  I'sp.  c  I  1 this  system 
;:i  oith-i'  oi  tho  o  oispindion  s  i  i  o  1  1  •■o  t  i  ons  which  havo  hi  conio  widely 
ICO. .pil'd  as  .inthoi  iiat  ivo  (Rols  1  .ind  2)  M.niovi  .  the  )’,.iso(his  natnro 
('.;'.l''r  .stand-inl  c  ind  i  t  ions)  oi  on"  ol  !  io-  i  .’isponont  s  luaUi’s  contiol  oi 
!  o  oispos  i  1  i  ona  1  vati.iblo  tlilliiull  Iho  i  t!  vo  s  1  i  ;M  1  i  on  ol  tho  Bo-l) 

s  s  I  ov.i  within  111.-  scopo  ol  tho  present  pro>'ra!:i  is  thoi'  loro  liiiiitoil 
In-  iiilv  toohniipo.  avail. iM.  lor  .it  t  ompi  in.i;  t.i  pel  oxypi-.i  into  solution 
in  O'  rvlliaia  w.is  to  no  1 1  H-.  in  co'it-iel  with  the  i  nl  •  ■  rsu  d  i  .1 1  o  phlso  itep) 

(wh)so  oxistouci...  conpos  i  t  ion .  .ind  slrmluro  .ua'  Wi  11  ostabiishod) 

Sinci.-  .ill  of  tho  .illoys  invest  ip. U  od  in  tho  ontim  prop.ram  havo  been 
I’l'.ii.irod  by  moll  inp  in  tU-O  cnicibl"S,  ,iny  O  Ir.insloiiod  from  Bia)  to 
solution  in  bo  by  oont  .lot  no  1 1  inp  should  .ippo.ir  (is  .i  shill  in  lattice 
pir.!.-;...  (  0  r )  lo  .ill  .illovs;  thus  lU)  liiflorouco  could  bo  I'.ypoctod  upon 
lurtb.or  attonpts  in  tb.is  d  i  r -i.  t  i  .->n  Ni*  vort  tu*  loss  ,  the  i'xpi*r  inunit  of 
noltinp  Bo  in  a  BoO  cruciblo  with  some  p.irticlos  ol  BoO  (produced  bv 
crishinp  .i  sliorl  lonptli  ol  Bot)  lubinp)  w.is  trii  d  As  expected,  no 
di.’forenco  in  the  X-r.iy  p.ittorn  ol  the  rosultinp  input  could  bo 
dot'‘ct‘..d.  An  altornat  ivo  app>io.icti,  sue,, pasted  bv  tho  project  monitor, 
was  subs oqueii t  1  y  tried  riu  Brush  Bcrvlliuii:  f'o  supplies  several 
prides  ol  Be  powder  of  v.irvino,  ox>pon  content;  it  mipjit  therefore  bo 
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oivpoc  t  eil  that  these  ditlerent  grades  would  have  different  lattice  para¬ 
meters  and  providi’  source  ir.ateria!  for  investigating,  tlie  effect  of  ultra- 
rapid  quencisie.g  Ac  cord  i  np,  1  v .  saaiples  of  each  of  tlie  three  grades  of 

pivder  were  obtained,  ,ind  a  specimen  of  eacli  was  melted  and  X-rayed  It 
was  noted  that  e.ich  melt  separated  into  two  parts,  one  of  which  was 
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'ill  l’ere.  !)l  lieQ 

SI'- 100  0  H't 

SI'-, loo  1  tat 

sr-  ioo  ,»  ()'( 

ill"  iiKlic.it  ioos  .ti-'.  th.Tfl.-r-*,  that  th.-  .»xvK»-a  w.ii.  pr.-.snu  in  ihv  sovirce 
;:'a (  f f  i .1 !  .is  iU-t),  i  itln-i  than  in  ;:t>l  id  solvit  itM'.  in  H*-  II  this  Is  truo, 
thvn  oi  cvivir.sf  Ihor--  has  htM-n  no  >*.ain  in  nsiiu;  t  ho  lirnsh  powdors,  as  tlu' 
infparation  prov^odvu  o  wovild  .still  vomsisi  oi  irollin^;  lio  in  contact  with 
*'•-0.  Howovci  .  it  Is  plann*’^l  lliat  ln’lli  pt»ri  i«>ns  v»l  vaLii  parade  ol  powder 
will  h'-  snbjc'clt'd  to  n  1 1  r  a  -  r.i  p  id  vpavnehinv* 
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2 . 2  Bcrvl  1  taiii-Aluiiilnuiii  System 

AecoidiiiK  to  Rel  1,  tlie  elements  He  and  A1  shew  no  mutual 
siUid  solubility,  hut  iorm  a  eutectic  at  about  1  w/o  Be  composition,  with 
a  moltiny,  point  ot  tinb  C  Samples  ol  compo.sit  ions  1,  ‘j  ,  and  80  w/o  Bo 
were  prepared  and  quenched  by  tile  usual  procedures  (as  described  in  EOS 
Report  IbHl-^M-l),  except  that  it  was  found  necessary  to  add  a  flux  in 
order  to  induce  mixii'.p.  ot  tile  molten  Be  and  Al;  sodium  iluosilicate  ' 
(Na^SiK^)  was  used  lor  this  purpose.  Before  quencbinp,,  only  the  lines 
due  to  Al  were  found  in  the  X-ray  jiat  terns  of  the  1  and  3  w/o  Be  speci¬ 
mens.  as  was  to  be  expected  with  such  sm.ill  conceit t  r,tl  i on s  of  Be  The 
,Sti  w/o  Be  specimen  sinved  the  lines  of  bed  h  Be  .ind  Al  in  tlie  pattern 
Alter  rapid  quenchinp,.  no  qnilit.itive  cb.mp.e  w.is  found  in  the  structures; 
tile  1  and  ■)  w/o  Be  samples  si  ill  showed  only  Al  ,  and  tlie  80  w/o  Be  still 
shewe‘1  on  1 Be  and  Al  Ihe  ;>.irai:H-l  er  ol  the  Al  was  not  lonnd  to  be 
mi’.i  sura!)  1  y  ditlereat  1  t  om  i  be  ASTM  value  ol  u  X  in  .my  of  these 

p.itti-rns  i.'Xeept  possible  ih.sse  ol  the  f  w/o  Be  .illov,  which  were  found 
t  b..'  Ot*  /  A  belore  qneiuh  in.,;  .nul  •'«  il.»  i  X  .liter  queneliinp.  However, 

It  seei'.is  d.inbttnl  tb.it  these  ;.Iip,lit  v.i  r  i.i  t  i  oils  .ire  s  i);n  i  1  Ic.nit  ,  espe- 
ci. ills'  in  view  .il  the  results  obtained  Irtsii  tlu*  other  alloys 
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2  3  gory  1 1  luii 

The  Bc-Si  sysloni  is  qua!  Ital  ivcly  similar  iii  equilibrium  pro¬ 
perties  Co  the  Bo-Al  system,  iu  that  tlie  two  components  slitjw  no  mutual 
solid  solubility  but  torm  a  eutectic  at  a  composition  of  39  w/o  Be  with 
a  meltini;  point  of  1090  C  Specimens  haviiij*  tiu-  compositions  20,  40, 
oO,  73,  80,  and  90  w/o  He  were  prepared  and  quenched  by  the  usual  pro¬ 
cedures.  X-ray  patterns  made  prior  I-  qiieuchiny,  showed  the  sr-.nple.s  to 
be  mixtures  oi  Be  and  Si,  in  agreement  with  the  reported  equilibrium 
properties  ( Ke  1  1),  except  that  only  tire  strongest  line  of  Be  appeared 

in  the  20  w/o  Be  specimen  After  quench,  iny, ,  only  a  few  Be  lines  appeared 
in  the  p.illerns  ol  the  2tl,  40,  nO,  and  /'>  w/o  Be  s))ecimens,  so  that  no 
sijp'.il  leant  measurement  <>1  tie-  l.it  t  ii  e  p.i  r.ime  1 r  s  could  be  made;  in  the 
80  and  90  w/o  Be  specimens  no  ch.iny.e  in  spaciiiy.s  li'.’iii  those  of  the  ASTM 
tile  could  i'e  deteiti-d  Oil  the  oth.-r  h.ind ,  the  Si  reflections  appeared 
clearly  in  tlie  20,  4(1,  oO,  .ind  /a  w/o  Be  specimens,  hut  only  lour  Si 
rellection.s  .ippe.ired  in  the  patt  riis  ol  the  80  and  90  w/o  Be  specimens. 

No  other  piiases  .ippe.iieu  .liter  queiKhiny.  llie  parameter  oi  the  Si,  as 
calculated  1 1  oni  the  (>31)  lellectioii,  sluwed  some  vari.ilion  in  the  fixir 
low-Be  alloys  (in  whicli  it  onild  l>e  me.isiir  ed*  w  i  t  h  some  accuracy)  as 
fo 1  lows 


w/o  Be 

Parameter  (X) 

0 

3.4  301  (AS™  valu 

20 

4  38 

40 

3  406 

(lO 

3  39  3 

r; 

3  40? 

There  Is  therefor*.'  smne  iruiic.itlou  that  srrmc  Be  may  he  taken 
into  solid  solution  in  Si  in  tin'  4().  (>().  ind  /3  w/o  alloys  as  a  result 
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oi  rapid  quenching,  since  the  parameter  of  the  Si  appears  to  be  lowered 
by  an  amount  larp,er  than  could  be  ascribed  to  experimental  error.  How¬ 
ever,  it  would  seem  that  some  lowering  of  the  parameter  should  in  that 
case  also  be  observed  in  the  20  w/o  Be  alloy.  This  question  will  be 
lurther  investigated 


2  4  Beryl  1  i '.im-Scaiid iuiii  Sy8te!i! 

Invest  l>>at  ion  of  this  system  Is  somewhat  liand icapped  by  the 
tact  that  neither  Ref  1  nor  Ref  2  gives  any  Information  about  its 
equiiibrinin  properties.  It  Is  therefore  impossible  to  select  logical 
compositions  (such  as  those  of  intermediate  phases  or  eutectics)  for 
exper  Imeci  ta  t  i  on  In  view  ol  tlie  leclmolog  leal  interest  in  producing 
ductile  Be  alloys,  the  high-Be  compositions  80  w/o  Be  and  90  w/o  Be 
have  been  cliosen  as  a  starting  point  It  was  found  necessary  to  use  a 

flux  (Na^SiK^)  to  induci'  tin-  molten  Be  and  Sc  to  ciinbine  X-ray  analysis 
of  the  result  iu).  alloys  show  that  at  bi>ih  compos i I  i i>ns  there  is  appar¬ 
ently  an  1  tu  e rmed  la t e  phase  formed;  the  powder  patterns  are  alike  and 
consist  ot  .1  vt-iry  large  nuiaber  i)!  lines.  It  is  *.;f  courst^  intpossible  to 
conclude  that  the  complexity  ol  the  patterns  is  not  due  to  the  presence 
of  more  thai\  one  phase,  either  hceause  the  Be-Se  system  really  has  a 
two-ph.ise  regioit  at  tlunse  compositions  or  because  true  equilibrium  was 
not  .itt.iined  In  the  experiments  In  .my  event,  the  alloys  will  be  sub¬ 
jected  to  rapid  quench in>;  .md  again  X-rayed  to  determine  whether  any 
change  of  slruelui'  has  been  produced 
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2  i  Bo rv Ilium-Nickel  System 

This  system  corisists  ol  the  ie.  termed  late  phases  BeNi  and 

Bo  Ni  ,  with  eutectics  formed  hetwemi  ftiein  and  between  the  terminal 
21  5 

solid  solut ions  and  the  adjacent  intermediate  phase  (Refs  1  and  2) 
These  three  eutectics  and  two  intermediate  phases  were  selected  for 
investigation,  tlie  compositions  bein>;  as  follows' 

Ccsiipos  i  t  ion  ,,, 

(w/o  Be)  _ 

S  7  h’litectlc  between  .Ni  and  BeNi 

1^1  Intermediate  phase  BeNi 

2'j  Kuti'ctic  between  Bi‘Ni  .and 

•iO  Intermediate  ph.ise  Be  , ,  N  i . 

'  21) 

')8  Kutectic  between  Be.,NI,  and  Be 

The  alloys  oi  tliis  system  were  .imonp,  the  mo.st  difficult  to 
j)repare  because  of  tlieir  relatively  hip.h  raeltiny,  points,  but  the  apn.ara 
tus  ch.any.es  mentioned  e.irliiT  in  the  report  (i.e  ,  wrappiny  the  output 
coil  wit!-,  glass  fiber  t.ipe  .and  using  .i  cer.amic  sleeve  .iround  the  gra¬ 
phite  no/.zlc)  made  it  possible  to  i>btain  sat  i s f.ac t ory  results.  X-ray 
patterns  of  all  five  alloys  prior  to  quenching  showed  them  to  consist 
of  the  correct  equilibrium  compositions  as  shown  in  the  tabulation 
above  .<ifter  rapid  quenching,  the  patterns  of  the  a  7  and  14  w/o  Bo 
alloys  were  found  to  be  the  s.ime  .as  they  had  been  before  quenching. 

The  remaining  three  alloys  were  changed  as  follows 

Pattern  .after  (Tuenching 

Strong  BeNi  plus  unidentified  lines 
(not  Bc^jNl^) 

BeNi  only 

New  phase  tentatively  analyzed  as  fgee- 
ceiitered  cubic  'witli  parameter  4  OS  A 


I650-4M-2 


H 


Since  these  results  appear  to  represent  complete  changes  of 
phase  on  quenching,  it  is  important  that  they  be  checked  carefully 
Experiments  designed  to  prove  or  disprove  the  autl.'eat  iclty  of  these 
results  are  now  in  progress  They  consist  of  two  approaches.  first, 
repetition  of  the  preparation  and  quenching  to  determine  whether  the  same 
results  can  be  obtained,  and  second,  heat  treatment  of  the  qucnclicd 
s.unples  to  determine  whether  reversion  to  the  equ  i  1  Ibr  Iu.ti  structure  can 
he  induced.  Reversion  to  equilibrium  would  he  conclusive  proof  that  a 
true  Ciiange  in  stiucture  had  been  produced  by  quenching,  and  that  the 
observed  changes  in  X-ray  ditfraction  patterns  wore  not  due  merely  to  an 
accidental  alteration  of  cixiipos  i  t  lor. ,  for  exa.mple  The  quenched  40  w/o 
be  alloy  has  been  heated  12  hours  at  200  C  and  1  iiour  at  400' C  without 
causing  a  reversion  ol  the  lU-Nl  pattern  to  the  equilibrium  phase  Be^jNi^. 

It  is  ol  interest  to  note  the  variation  in  the  lattici^  para- 
met'’r  ot  tile  H.’Si  pliase  ■>btain''d  by  several  different  procedures 

Spec  iineii  I’a r  ame  ter  (K) 


14 

w/o 

He 

he  1  ort 

•  qaeiu  h 

i  t..0 1 

14 

w/o 

He 

a  Iter 

quench 

2  613 

40 

w/o 

He 

al  ter 

quesich 

2  616 

■|!ie  par.imelers  were  calculated  by  averaging  the  v.ilues  obtained  Irom 
j  li  igh -an);  1  e  reflections  ol  eaeti  pattern  For  e  ixiipar  i  son ,  Ref.  1 
states  tl’.it  the  p.a  r  ame  t  e  r  o!  ReNi  v.ii  ie;>  Irom  2  b2A  .at  13  4  w/o  Be  to 
2.blX  at  14. a  w/o  Be. 


1  b  Sf)  -  4H 


2  ‘o  Berv  1 1  ium- Cupper  Syatuin 

According  to  Kot  1.  thi>  Be-Cu  system  consists  ol  terminal  solid 
siUutions  and  three  intermediate  pliuses  desij'.nated  |1,  B‘  and  in  order 
ol  increasing  Be  content  Ihe  ll-|>liasf  is  centered  about  the  composition 
1)  w/o  Be  (rouglily  BeCu,).  the  [I'-phase  about  12  w/o  Be  (roughly  BeCii), 
and  tile  '  -ph.ise  about  jo  w/t>  Be  <  roughly  Be.^C-'ut  Since  all  tliree 
phases  exist  over  a  range  ot  c  ixnpos  i  t  ic'n  (although  the  range  is  narroo 
ir  the  case  ot  the  B'-phas<  )  it  Is  prob.ibly  preferable  to  use  the  Greek- 
let  ter  designations  jh'  ci'cipos  it  ions  selected  tor  investigation 
corresponded  to  these  three  intermediate  phases,  pins  two  high-Be 
allovs  (80  w/o  .iiul  uo  w/o  Be)  included  heiMuse  ol  the  t  eclinol  og,  ica  1 
iiUerest  in  obtaining,  duet  ile  Be  Both  the  80  w';;  Be  ,ind  Ilie  90  w/o 
Be  c ompos i t i ons  lie  in  the  Be-rich  terminal  solid  solution  (Ret  1) 

All  till'  allovs  weie  prep.ired  .ind  ttnenched  by  the  usnal  proce¬ 
dures  X-ray  patt'rns  made  prior  to  rapid  quenching,  showi'd  that  the 
alloys  had  the  correct  e(|u  i  1  ihi  iuta  structures,  except  that  poor  patterns 
wefe  edit. lined  Iroia  t  lie  (J  and  O'  ph.ises  However,  .iltet  qiiencliinj:.  these 
.illovs  yielded  clea;,'  p.ittern;.  .>t  ( i  espec  t  i  v<' 1  v)  the  (J  and  0’  pha.ses 
only,  indicating,  th.tl  the  c  oinp.is  i  t  i-.ms  were  correct  .is  prepared,  and 
th.it  the  unsat  i  s  f  ic  t  ory  pitt-rns  were  ptohahly  due  to  incomplete  alloy¬ 
ing  'n/ith  tile  excetilion  ot  the  30  w/o  Be  .1 1 1  oy  ("  -phase  in  equilibrium), 
none  of  tile  spec  imens  showed  .iny  change  of  structure  after  quenching. 

The  30  w/o  Be,  which  had  yielded  ,i  clear  -phase  pattern  before  quench¬ 
ing.  gave  only  a  clear  O'phase  pattern  .liter  quenching  In  order  to 
check  this  result,  .i  new  sample  was  prepared  .ind  qiu^nched;  again  only  a 
clear  -phase  pattern  w.is  obt. lined  before  quenching,  but  .ifter  quench¬ 
ing  a  weak  s-pbase  pattern  appeared  togetiier  with  the  strong  p  -phase 
p.ittern  The  tentative  conclusion  is  that  there  is  .i  t  rans  f  orr.i.i  t  ion 
trom  to  O'  induced  by  quenching,  .mil  that  in  the  second  s.imple  the 
quench  was  not  quite  .is  eiiictive  as  in  the  first  Again,  further  work 
will  he  necess.iry  to  pi  ovi’  or  dis’prov-  tie-  point 


It) 


!  ■•.  i.0-4M-2 


2 . 7  Beryl  1 lum-Zlnc  System 

Very  'it^le  liitonnac  ion  on  the  Be-Zn  system  is  given  in  Refs, 

1  and  2  It  seems  probable  that  little  Invest igat ion  of  the  system  has 
been  made  because  of  the  experimental  difficulties  encountered  in 
attempting  to  alloy  the  two  elements,  since  the  boiling  point  of  Zn 
(namely  906  C)  is  considerably  below  the  melting  point  (!280'C)  of  Be 
An  attempt  was  made  to  form  an  alloy  of  Be  and  Zn  in  the  present  program, 
but  the  Zn  evaporated  .ind  deposited  in  a  film  on  the  adjacent  apparatus 
befi'.re  the  Be  was  melted.  Consequently,  it  does  luit  seem  feasible  to 
investigate  the  Be-Zn  sy.stem  witliin  the  scope  of  the  present  program, 

•  IS  the  entire  quenching  .ippar.itus  would  h.ivtr  to  he  rebuilt  so  as  to 
operate  in  h  igh -pre.ssure  .iliiDSphere 
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